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It  has  been shown that  the subcutaneous injection of  St.  Louis 
encephalitis  virus  into  susceptible  mice  renders  them  resistant  to 
subsequent intracerebral and intranasal inoculation (1).  The present 
experiments were designed to study the relation between the degree 
of immunity produced and  the fitre  of circulating protective  anti- 
bodies.  It  was  believed that  by  investigation  of  this  relationship 
the importance of humoral protective antibodies for immunity might 
be  estimated.  Accordingly  ,  susceptible  mice were  vaccinated  and 
at intervals thereafter their immunity against intracerebrally injected 
virus  was  determined and  compared with  the protective  antibody 
titre of their sera. 
Materials and Methods 
Mice.--Mice  employed in  Experiment  1  were  of  the  selected  Swiss  strain. 
They are uniformly susceptible to St. Louis encephalitis virus.  In Experiment 2 
mice of high inherent resistance to the St. Louis virus were used  (2).  In both 
experiments control mice were of the same age as the vaccinated mice. 
Virus.--The  virus  used  throughout  was  the  St.  Louis  encephalitis  virus, 
strain 3 (3).  Virus suspensions were prepared in the following manner: The brain 
of a  mouse prostrate with encephalitis was removed under sterile conditions and 
ground  in  a  mortar.  The  emulsion of brain tissue was  then  diluted with  ten 
times its weight of hormone broth of pH 8.0.  After thorough mixing the sus- 
pension was centrifuged at 1,000  R.P.g. for 5 minutes and the superuatant made 
up in serial tenfold dilutions in broth. 
Vacdnation.--The  mice  were  immunized  by  one  subcutaneous  injection of 
0.5 cc. of a  1:1,000 dilution of the virus prepared as described above.  Each time 
the virus was used for vaccination it was titrated by intracerebral injection into 
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Swiss mice.  These titrations showed that the amount of virus used for vaccina- 
tion  was  approximately  15,000  times  the  minimal  lethal  intracerebral  dose. 
The subcutaneous injection of this quantity of virus did not produce encephalitis 
nor cause any other symptoms of illness. 
Resistance Tests.--At intervals following vaccination the degree of the acquired 
immunity of the vaccinated mice was estimated by comparing their resistance to 
intracerebral  inoculation of the  virus with  that  of unvaccinated  controls.  All 
mice tested were under light ether anesthesia; each received 0.03  cc. of the virus 
appropriately diluted in broth. 
Neutralization  Tests.--St. Louis virus  infection and  immunity in  the  mouse 
are chiefly concerned with  the susceptible brain  tissue for which the virus has 
an almost specific  affinity.  Hence interest  in the  action of the serum of mice 
immunized by vaccination rests  chiefly on its ability  to neutralize  the injurious 
effect of the virus upon the brain.  To test  this  action,  serum and virus were 
mixed and injected directly into  the brain,  employing the  technique  described 
below.  No more than passing interest was taken in the capacity of the serum to 
modify  the  activity  of  the  virus  when  introduced  by  routes  ordinarily  non- 
pathogenic, such as the intraperitoneal. 1 
All  sera  used  in  the  neutralization  tests  were  obtained  from  anesthetized 
mice by heart puncture.  Tests on vaccinated mice were done with serum derived 
from the pooled blood of six mice.  In each test,  serum of unvaccinated mice 
was used as the negative control, and serum of a  hyperimmunized monkey was 
employed as the positive control. 
Virus  suspensions  used in the neutralization  tests  were prepared  in suitable 
dilutions in the manner described above.  0.3 cc. of each dilution of virus em- 
ployed was added to 0.3 cc. of undiluted serum.  The mixtures of serum and virus 
were incubated for 2 hours at 36°C. and then left at room temperature for 2 hours. 
Mter incubation 0.03 cc. of each serum-virus mixture was injected intracerebraUy 
into each of four mice under ether anesthesia.  The inoculated mice were then 
observed for 21 days for the possible development of encephalitis. 
Interpretation of Neutralization Tests.--By making a statistical analysis of the 
results of neutralization tests carried out in this  laboratory with known negative 
and known positive sera against St. Louis encephalitis virus,  Muench (4)  estab- 
lished the following criteria: Any serum which fails to protect more than 50 per 
cent of the injected  mice against  1 g.r~.D, of  the virus is  considered negative. 
l In this connection it is noteworthy that it has recently been reported (5) that 
the protective power of antisera against equine encephalomyelitis virus is much 
greater when serum-virus  mixtures are inoculated intraperitoneally  into young 
mice  than  it  is  when  the  intracerebral  route  is  employed.  However,  serum 
obtained by us from a small number of mice immunized with St. Louis virus did 
not show significantly greater protection after intraperitoneal inoculation of serum- 
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Sera protecting 75 per cent of the mice against 1 M.L.D. of virus are  regarded as 
doubtfully positive.  Any serum which protects completely against  1 X~.L.D. of 
virus is definitely positive.  This classification was followed in interpreting  the 
results  of the neutralization  tests  carried out during the experiments  described 
below.  It is interesting to note that the result of only one test fell into the doubt- 
ful group.  All others were definitely positive or definitely negative.  If we arbi- 
trarily consider as negative all those sera which fail to furnish complete protection 
against 1 V.L.D. of virus, we find that the results are practically the same as those 
arrived at by applying Muench's criteria. 
EXPERIMENTAL 
Experiment 1.--497 mice 6 weeks of age at the beginning of the experiment 
were employed.  241 of these animals were put aside as controls, while 256 were 
vaccinated  with viralent  St. Louis encephalitis virus.  At intervals  thereafter, 
ranging from 2 days to 23 weeks, both their resistance and the neutralizing anti- 
bodies in their blood were tested by the methods described above. 
Two days after vaccination  the  mice  were unable  to  survive  the 
intracerebral injection of 1 ~.L.D. of virus.  After 1 week a second and 
third group tested showed a  very strong immunity to the virus.  At 
this time the vaccinated mice were resistant to 10,000 minimal lethal 
intracerebral  doses.  2  and 3 weeks after vaccination immunity was 
at  this  same  high  level.  After  6  weeks the  immunized  mice  still 
withstood  an  intracerebral  injection  of  1,000  ~r.LD.  of  virus.  At 
8  and  10 weeks, however, immunity had decreased to such a  degree 
that  the  mice were completdy resistant  to  no more  than  10  intra- 
cerebral  ~.L.D.  12  weeks  after  vaccination  the  immunity  had  de- 
creased  still  further,  so  that  the  mice  were not  uniformly  immune 
against even 1 ~C.L.D. of virus.  At 20 and 23 weeks after vaccination 
no immunity could be demonstrated. 
In  brief,  the  results  summarized  in  Table  I  indicate  that 
vaccination  of  mice  with  St.  Louis  encephalitis  virus  induces  an 
immunity  which  appears  within  1  week  after  vaccination.  When 
first demonstrable, this immunity is at a very high level and it remains 
so for about 6 weeks, after which it diminishes and disappears between 
the 12th and 20th week. 
The  first neutralization  test was done  with  serum  obtained  from 
mice  1 day after vaccination.  This  serum,  when  mixed with virus 
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not protect any of them against even 1 M.L.D. of virus.  It was there- 
fore regarded as negative.  Tests made with two pools of serum 1 week 
after vaccination were  negative.  This negative result is  in striking 
TABLE  I 
Immunity to Intracerebral Inoculation of St. Louis Encephalitis  Virus 
Following Vaccination 
Time 
after vac-  Treatment  of mice 
cination 
days 
2  Vaccinated 
Unvaccinated 
wks. 
1  Vaccinated 
Unvaccinated 
1  Vaccinated 
Unvaccinated 
2  Vaccinated 
Unvaccinated 
3  Vaccinated 
Unvaccinated 
6  Vaccinated 
Unvaccinated 
8  Vaccinated 
Unvaccinated 
10  Vaccinated 
Unvaccinated 
12  Vaccinated 
Unvaccinated 
20  Vaccinated 
Unvaccinated 
23  Vaccinated 
Unvaccinated 
Mortality of mice  injected  intracerebral]y  with St. Louis  Degree  of 
encephalitis  virus  immunity 
__  __ _  of vacci- 
--  -- •  "I nated  mice  Dilution  of virus  injected  mtracerebrally 
-  Intracere- 
bral M.L.D. 
10,000 
10,000 
10,000 
10,000 
1,000 
10 
10 
4-1 
0 
0 
3/3"  --- three of three injected mice died of encephalitis. 
--  =  dilution not tested. 
contrast to  that of the resistance tests carried out at this time, which 
showed  the vaccinated mice to be immune to  10,000  M.L.D.  of virus 
injected directly into  the  brain.  Sera  collected from  mice  2  weeks 
after  vaccination likewise  showed  little protective  action,  although TABLE  II 
Neutralizing  Titre of Sera from Mice Following Vaccination with St. Louis 
Encephalitis  Virus 
Time 
aft~ vac- 
dnation 
$~uln 
obtained 
days 
1 
2 
YJkS. 
1 
1 
2 
3 
4 
8 
8 
10 
12 
12 
23 
37 
Treatment of mice fur- 
nishing serum 
Vaccinated 
Unvaccinated 
Vaccinated 
Unvaccinated 
Vaccinated 
Unvaccinated 
Vaccinated 
Unvaccinated 
Vaccinated 
Unvaccinated 
Vaccinated 
Unvaccinated 
Vaccinated 
¢~ 
Unvaccinated 
Vaccinated 
Unvaccinated 
Vaccinated 
Unvaccinated 
Vaccinated 
¢¢ 
Unvaccinated 
Vaccinated 
Unvaccinated 
Vaccinated 
Unvaccinated 
Vaccinated 
Unvaccinated 
Vaccinated 
Unvaccinated 
Vaccinated 
Unvaccinated 
Vaccinated 
Unvaccinated 
Vaccinated 
Unvaccinated 
Mortality of mice injected intracere- 
brally with mixture of serum and virus 
Dilution of virus in mixture 
10-4  ]  10-5  10-6  I  10-7 
4/4*  3/4 
4/4  4/4  0/4 
4/4  4/4  1/4 
4/4  4/4  2/4 
m 
4/4 
4/4 
4/4 
4/4 
2/4 
4/4 
4/4  4/4 
4/4  4/4  1/4 
4/4  3/4  -- 
4/4  3/4  1/4 
4/4  2/4 
4/4  3/4  1/4 
4/4  2/4 
4/4  3/4  0/4 
4/4  2/4 
4/4  2/4 
4/4  4/4  0/4 
4/4  2/4 
4/4  4/4  0/4 
4/4  1/4  -- 
4/4  4/4  0/4 
4/4  4/4 
4/4  2/4  -- 
4/4  4/4  0/4 
2/4  0/4  -- 
4/4  4/4  2/4 
2/4  0/4  -- 
4/4  3/4  1/4 
1/4  0/4  -- 
4/4  4/4  1/4 
o/4  o/4  -- 
4/4  4/4  1/4 
1/4  1/4  -- 
4/4  4/4  2/4 
1/4  0/4  -- 
4/4  4/4  4/4 
o/4  o/4  -- 
4/4  4/4  1/4 
Degree of protection 
afforded by serum of 
vaccinated mice 
Intracerebral ~.L.D. 
< l  (negative) 
<1 (negative) 
< 1 (negative) 
< 1 (negative) 
<1 (negative) 
< 1 (negative) 
<1 (negative) 
< 1 (negative) 
±1 (doubtful) 
< 1 (negative) 
1-4- (positive) 
1-{- (positive) 
10 (positive) 
10 (positive) 
10 (positive) 
100 (positive) 
I0+ (positive) 
4/4*  =  four of four mice injected 
died of encephalitis. 
intracerebrally 
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the vaccinated mice at this time were still able to withstand 10,000 
intracerebral  ~.L.D. of virus.  5  weeks after vaccination two  serum 
pools were tested with doubtful or negative results.  At 6 weeks two 
pools of serum from vaccinated mice were also negative. 
The  first  clearly positive  neutra]izafion tests were  obtained  with 
two  serum  pools from mice bled 8  weeks after vaccination.  These 
sera completely neutralized  1 ~.L.D. of virus and also protected half 
the number of the injected mice against 10 M.L.D.  At this time the 
actual immunity of the vaccinated mice was greatly diminished; they 
N.L+D. 
I0,000 
o ~  1,000 
~-~ ~  I0 
~  I 
I  "k""  tt 
I  \  II 
!  !1 
I  \ 
+ + + T ~  ~  I  I  I  I  I  I  I  I  I  I  I  l  I".,..,L-_I_+  I  I 
Wcek~  2  4  6  8  10  12  14  i6  15  20  22  24 34  36 
Time 
TEXT-FIO.  1.  Relation between  immunity and neutralizing  power  of  serum 
following vaccination with St. Louis virus. 
were resistant to only 10 intracerebral M.L.D. of virus, whereas they 
had been immune to 10,000 M.L.D. 3 weeks after vaccination. 
At 10 and 12 weeks the sera completely neutralized 1 and 10 M.L.D. 
of  virus.  At  23  and  37  weeks  the  sera  completely neutralized  10 
+ 
M.L.D. and partially inactivated 100 M.L.D. of virus.  At this time the 
actual immunity of the vaccinated mice against intracerebral injection 
of the virus had entirely disappeared. 
The essential point in these comparative titrations of immunity and 
neutralizing  antibodies  is  the  demonstration  of  variation  of  these 
factors in opposite directions over a period of time.  When immunity 
was high, antibodies were undetectable; when immunity was decreas- 
ing,  antibodies  were  increasing;  and  finally,  when  immunity  had H.  L.  HODES  AND  L.  T.  WEBSTER  269 
disappeared, antibodies were high  (Text-fig.  1).  Several experiments 
other  than  the  one  described  above have  shown  the  same  result. 
Experiment  2.--In  this  experiment a  strain  of mice inherently  resistant  to 
St. Louis encephalitis virus was employed rather than  the susceptible animals 
used in Experiment  1.  The resistant mice are refractory to at least 1,000 times 
the minimal lethal dose for susceptible mice (2).  The resistant  mice were vac- 
cinated  and  tested  for  immunity  and  for  circulating antibodies  to  determine 
whether they would produce a more prompt or greater  antibody  response than 
that which followed the vaccination of susceptible mice. 
The  inherently  resistant  mice  showed  no  neutralizing  antibodies 
before vaccination,  indicating  that  their  resistance  does not  depend 
chiefly upon a  humoral mechanism.  3 weeks after vaccination  they 
TABLE  III 
Immunity and Serum Neutralizing Power of Inherently Resistant Mice after 
Vaccination with St. Louis Encephalitis Virus 
Immunity of inherently 
resistant mice against  Neutralizing power of 
serum of inherently  Time  intracerebraily inoculated  viru.~  resistant mice 
Intracerebral K.L.D.  M.T-.D. 
Before vaccination .....................  1,000  0 
3  wks. after vaccination ...............  100,000  0 
8  "  "  "  ................  100,000  1  to 10 
withstood  the intracerebral  injection  of  100,000 M.L.D. of virus,  but 
their  sera  contained  no  demonstrable  neutralizing  antibodies.  At 
8  weeks they resisted  100,000  intracerebral  •.L.D.  and  their  pooled 
sera neutralized  1 M.L.D. completely, and 10 ~.L.D.  partially. 
In  brief,  inherently  resistant  mice,  following vaccination,  develop 
detectable circulating antibodies no more promptly and in no greater 
amount than susceptible vaccinated mice. 
DISCUSSION 
Certain studies on rabies and poliomyelitis indicate that circulating 
protective antibodies are not necessarily an index of immunity  (6-9). 
These observations have been criticized, however, on the grounds that 
they are not quantitative, that they refer to a momentary rather than 270  VACCINATION  WITH  ST.  LOUIS  ENCEPHALITIS  VIRUS 
continuing  relationship,  and  that  they may be contradictory  under 
different  conditions. 
In  the  present  studies  with  St.  Louis  virus,  however,  relatively 
quantitative data were obtained under one set of conditions and over 
periods of time during which both the antibody and immunity factors 
were changing.  At the outset we find the brain of the immune animal 
resistant  to  10,000 lethal  doses of virus and its serum unable to  in- 
activate  one  lethal  dose.  Later,  as  the  acquired  immunity  falls, 
antibody titre increases until finally we note animals which have lost 
their  immunity  to  even one lethal  dose but whose circulating  anti- 
bodies protect against 10 to 100 lethal doses of virus. 2  This variation 
of immunity  and  antibody  titre  in  opposite directions  is  offered as 
evidence that  in  St.  Louis encephalitis  infection  in mice,  immunity 
following vaccination  does not  depend  primarily  upon  the  content 
of circulating neutralizing  antibodies. 3 
SUM~RY 
Vacdnation  of susceptible mice with  St.  Louis  encephalitis  virus 
induced  an  acquired  immunity  to  intracerebral  inoculation  which 
appeared  within  I  week.  When  first  demonstrable  this  immunity 
was at a  very high level and it remained so for about 6 weeks, after 
which time it declined and disappeared completely between the 12th 
and 20th week after vaccination. 
Humoral antibodies d  significant  titre could not be  demonstrated 
s Moreover, the inherently  resistant  mouse which at the outset withstands 
1,000 times the dose of virus fatal to the inherently susceptible mouse shows no 
circulating antibodies before vaccination.  They do appear,  however, at about 
the  same time  following vaccination  as  they do in  the susceptible vaccinated 
mouse without  any apparent  relation  to the continued  high resistance of the 
animal. 
s The antibody-immunity relationship is quite different in the case of monkeys 
vaccinated against poliomyelitis.  Such animals may develop neutralizing anti- 
bodies without  becoming immune to the disease (?-9).  However, the antibody 
response of monkeys convalescent from an attack of poliomyelitis does resemble 
that which occurs in mice soon after vaccination against the St. Louis virus.  In 
both instances  immunity  develops before antibodies  are demonstrable (9, 10). 
Whether  the immunity  induced by an attack of poliomyelitis later  disappears 
while antibodies are still present is not known. H.  L.  HODES AND  L.  T.  WEBSTER  271 
during the first 6 weeks after vaccination when actual immunity to 
intracerebral inoculation was  at its  highest level.  Antibodies  were 
first detected 8 weeks after vaccination, when immunity was decreas- 
ing.  The humoral  antibody titre  reached its peak  at  23  weeks,  at 
which time immunity had completely disappeared.  A  high level of 
circulating antibody was still present 37 weeks after vaccination. 
The evidence presented leads to the conclusion that humoral anti- 
bodies do not play a major part in the immunity  acquired by susceptible 
mice after vaccination against St. Louis encephalitis virus. 
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